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y ABSTRACT 

Preahock velocity of «ound wavvM In air were nwaiturvd al ill vaUun»» of l'j. 3. ami 
6 fi«rl above grade U'vvl al 1.000- and 2.ü0«)-fool range« during Shut 12 over tleaert »oil, 
water, asphalt, concrete, fir bough«, and Ivy 

Twenty-1hrw of tht- original twenty-four channel« recorded velocity from lea« than 
20 msec  after detonation to nhock-wave arrival.   The «ound velocltle« al elfvation« 
from l'j to 6 feet above grade U-vel were very «imllar and averaged «round J |KTri"nl 
above ambient In mo«t ca«ea    Velocltle» meaaured over aapholi. »atrr. «^Trt aoll. 
and concrete were very almllar In amplitude^ Maximum velocltle« occurring ju«t tn'turf 
»hock arrival were similar at the l.ono-oAtHi.oon-foot range»    Air miund velocltle» 
were measured over fir bough« and Ivy^jfVelocltle» m^naured above th» (!•• bough« were 
the htgheal recorded, reaching in percent above ambli'il al the iVj-foot flevntlon     Ve- 
locltle« over the Ivy plot were »Imllar to lho«e ove- the fir bough«, however, the medium 
over the Ivy appeared to be more turbulent, and coR»equenlly »ome «kit« wer- unreadable 

\ 
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FOREWORD 

This report preMroi« die final retails of ooe ot the 56 protect« ooiuprleiuf the Military 
Effect! Prof ram of Opei itlon Teapot, whlcl Included 14 test detoMliooa at Ute Nevada 
Teat Site to 1955 

For overall Teapot military-effecta Information, the reader I* referred to the 
•• Summary Report of the Technical Director. Military Effect« Profrair., " WT-1153. 
which Includra the following: (1) a d» »crlptlon of each detonation Including yield. i«ro- 
polnt location and environment, type of device, ambient atmoapherlc condition«, etc-, 
«2) a dlacuaalon of project reaulta, (3) a aummary of the objectlvea and r««ult« of eacb 
project. (4) a Hating of project reporta for the Military Effecta Program. 

PREFACE 

The author hereby thanka MaJ H- T. Blngham, Dlrec.^r, Program 1; COR W. M 
McLellon. Director. Program 3, LI Col J.J.Haley, Chief. Requirement« Branch; and 
hla aaslatant.  LCDR A. P. Mlnwegen for the wholehearted cooperation they rendered to 
Project 1.5 at all Umea 

Special pralaea are due C O. Plckens, L. C Thoropaon and R. H Wella. Navy 
Electronlca Laboratory engineers for their capable work on the Project 1.5 Inatruroentatlon. 

The author gratefully acknowledge« the fine support given by all people who par- 
ticipated in the project. 
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Chopttr   I 

OBJECTIVES 

Thr primary ub)«ctive wa« lo (Jclrrminr prt-ahock air wjund wlocitiM al «Irvalloo« up 
lu A fmi abuw iht- gruund In Ihv rfglun »hrrr Ihr prvcuraur «rave exiaied.   |l WM (»It 
thai ihia infurmaliun wuuld br valuable In vxplaininR the gvnrraiiun of the precuraor 
Sht*i 12 «a» a 1'1-kl devtco iklunalrd un a lower al -100-fool vlovaUoo aad. cooaequcnlly, 
fulfllird Ihr cundillun» (or a precuriMir-grm-rallng »hoi (Hrfrrvncv 4). 

Mraauromcnl» u( prt-ahuck air »ound vrlocllv were madr uvrr Ihre« different blast 
Im«»   (1) a rricular Krrnrhnian Flat drmrl blaut line. (2» an avphaJl-cuvercd blaal line, 
and (3) a »ater-cowred blaal line     Velocity melera wert- altuatrd al ihn l.OiiO- and 
2,000-foot range» un the fir»l two line» and only at the 1.000-fool range on the third 
i»rr Figure 1 1) 

Al»u. meaaurement« of preahock air »uund vrlucily were mad" over throe «pcclal 
»urfacr plot« »llualed in the vicinity of the 2,000-foot »tatlun on the draert 11M.   On« 
plot waa composed of concrete, a »eeond of white fir bougha and a third of broad leaf 

r or Ivy    The itlrmn»lon» of all plot» weir 20 by 30 feet with the ahorter dlmeoaloo 
urienied along the blaal line 

11 ÜESKRT StJlI. SLKKACK 

«m prevluua ICH!» (Keferencea I. 2. and 3) data were gathered MI air aound veloc- 
Itlea and air lemperulure» from l'j to 54 feel above fk>aerl »oil     In general, there wer« 
m-gltglblr |)rc»hock nlr-lvmpt^aturr and or »onlc-velocity change» above the 10-foot 
level over Nevada »oil     Below the in-fool level, the vclocltie» and temperaturca wir« 
known to be above ambient, bul no gradient had been eatabliNhed.   Alao, only meager 
data of thl» type had ever brm taken In the /.one of Intereat on prevloua prccuraor- 
«i-nrrallng »hot». 

12 ASPHALT SURFACK 

A.sphalt I» a convenient ground cover which tends to abttorb mo»! of the Ihn mal ra- 
diation Incidonl u|K)n It.   II lend» to emit smoke and also to impart its heat energy to ll," 
air by conduction and convection.   The preshock air sound velocities over this surface 
are "f interest In explaining blast-wave prrformances over dust-lree, thermal-absorbing 
surfaces. 

1 .1    WATER SURFACE 

Water is probably the cheapest and mos! feasible highly reflecting surface available. 
It was expected that the air above the water surface would not change in temperature, 
since the surface itself would not absorb thermal radiation and. hence, could not trans- 
fer its htat to the air by conduction or convection. 

SECRET 
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1.4   SPECIAL SVRPACC8 

la Ufwhot-Kaotbolt Shot 9. air aouad valocltiat war« nataurad over thraa dtflaraat 
plota of »hit« fir bougha.   Plot d*maaaloaa wara 40 by 28 foal    Valocltlaa mataurad 
wara two to ihr«« ilroat ambient 

A almllar plot of whlta Or bouf ba «aa tat up at a.OOO-foot raaga oo tba daaan llaa 
la Taapot Shot 12.   Alao. ■ plot of broad laaf oovar or Ivy aad • plot of ordinary coacrtta 

JQQJL. 

c* 

OtMrl   Surfoc« o 

V 

T 

O M«t«r«   Of*  "ndiC0»«<J Virfoc« 

D M«ltr|   0v«r C0ncr«lt  »lob 

A  M»t»f|   ovtr ivy plot 

? Mcltr«  ow«f fir bought 

Al oll ifolions m«t«rt or«   1.5,  3, 

ond 6fi   from  th«  lurfoc«. I 

Figure 1.1   Blast line layout showing positions of Project 1.5 (NEL) sound 
velocity meters- 

were situated at the same location.   Dimensions of these plots were 30 by 20 feet. 
Thermal effects on these special surfaces are apt to be quite different from those 

occurring on the ordinary desert terrain.   Consequently, for a relatively small cost, 
comparisons of preshock air sound velocities over different plots can be made.   This 
In turn might indicate variatioi.s In blast-wave performonre over the various surfaces 

10 
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Chopur    2 

RESULTS 
Th» graph« of rtgurM 2 1 througb 2 10 dtplot UM fcoittod nUiMt of tbo voloclty of touod 
to tlr from Mro tiro« (tin« of dtUMUtioa) to UM arrival of tbo ahoek wav« (or 13 of UM 

oiifUuü 24 chaniMlo-   UM iVj-fool elovaUoo mocar at UM 1.000-f6o( raaf« oo UM walar 
IUM fallad at deionaUoo- 

TIM poiata that appaar oo UM ourva« ara UM actual valuaa takaa dlractljr from UM 

raw data—oo avaraflag of any aort haa boao doo«    Dlacrapaodaa batwaan thaaa curvaa 
aad thoaa la UM pralimlaary Project 1-5 report (1TR - 1104). raaultad. alaca for UUa 
report travel tlmea acroaa the air path have baaa read with the greater accuracy of the 
3.200-cpa carrier loatead of the 100-cpe modulaUag algnal 

la order to roughly compare alr-aouad-velocity change with air-temperature change, 
the ooovaraloa 2 ft/a/'C may be uaad with the mental reaervatlon that It appllea otrlcUy 
to dean air whoae chemical compoalUon doea not change. 

2.1 DESERT SAND. ASPHALT, AND WATER. 
1.000- FOOT GROUND RANGE 

Figure 2-1 deplete the change In the air aound velocity from detonaUon to ahock 
arrival at elevatlona of ll/t , 9 and 6 feat above aand. aaphalt. and water aurfacea at a 
ground range of 1.000 feet.   Theae curvea Indicate a velocity Increaae rate of approxi- 
mately 1 fl/aec/roaec Irreapectlve of elevation.   The magnitude of the velocity change 
alao aeema to be Independent of the aurface    The fact that the aound velocity over the 
water la higher than over the other aurfacea la not oonaldered algnlflcant.   Thla veloc- 
ity differential repreaenta approximately 0.2 roaec out of 5.0 maec total algnal travel 
time from one diaphragm to the other, o feet away.   It la poaalble that the greater re- 
flectance of the water aurface cauaed the microphone horn« In the Instrument« on the 
water line to receive more radlaUon than thoaa on the other llnea.   A «mall high- 
temperature region cloaa to the tranaducer horna could eaally account for the Indicated 
change In transit Ume. 

The same curvea shown In Figure 2.1 are plotted Individually In Flgurea 2-2 through 
2.4; theae Include the ahock-arrlval Inatant« In each caae. 

2.2 DESERT SAND. ASPHALT. AND CONCRETE; 
2,000- FOOT GROUND RANGE 

In Figure 25 preahock air sound velocities over desert «oil. aaphalt, and concrete 
aurfacea at 2.000-foot ground range are plotted versus time.   The first velocity In- 
creases occur about 70 msec after detonation at thla range compared with 40 to SO maec 
at the 1,000-foot ground range.   After thla the rate of Increase at the three elevatlona 
at 2,000-foot range Is approximately 0.8 ft/sec/rasec.   After 250 msec there Is little 
velocity increase at any elevation or ever any of the three aurfacea.   At neither the 
1,000-foot nor the 2,000-foot range do the velocity magnitudes reach 1,300 ft/sec at any 
elevation or over any surface so far considered. 
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la Figures 2 6 through 2.t Ih» Mine curve» Urpicled in Figure 2 5 »re preseoUd 
•long wtlli the respective »hucfc-arrlval time». 

2 3    FIR BOUGHS AND IVY 

Pre»hock »ir »«und vrlocttie» over a »urlace of white fir bough» and an Ivy «.'face 
•re depicted for rlevatlona of I1/,. 3. and 6 feet in Flgurea 2.9 and 2.10. reapectively. 
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Figure 2.1   Preshock air sound velocity versus time, 1000-foot range, over 
desert, asphalt and water surfaces. 
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JiM%tag (rum ihr dUiurtiua of Uto rvoordvd »ign»l» (Appendix F). wilrrmr iurbul«Mt 
e«lfled over ihr Ivy plot, much more, tn Urt. lhan uvrr any oihrr »urfacv    The velocU) 
recordvd over the whJte fir bough« at I'^-foot rlvvallon *a* tht- hlghr»! rvcordrd on any 
channel —It eaceedad 1.300 fl/aee.   TU« doea not Imply, nuwewr. that an equally high 
veluctty did not occur over the Ivy plot where the medium «an ao turtMUrnt that the 

recorded found wave waa too chatorted for any velocity detrrmlnatlon to be made. 
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Figure 2.2  Preshock air sound velocity verstis time, 1000-foot range, over 
desert surface. 
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Figure 23 Frethook air sound velocity vereua time, 1000-foot range, over 
asphalt surface. 
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figure 2.4  Preshock air found velocity venue time, 1000-foot range, over 
water surface. 
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Figure 25   Preehock air sound velocity veraus time. 2000-foot range, over 
desert, asphalt and concrete- surfaces. 
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Figure 2.7  Prethock air sound velocity versus time, 2000-foot range, over 
asphalt surface- 
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Figure 2.8 Preahock air sound velocity versus time, 2000-foot range, over 
a 20-by-30-foot plot of concrete. 
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Figure 2.9  Preshock air sound velocity versus time. 2000-foot range, over 
a 20-by-30-foot plot of white fir boughs. 
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Figure 2.10  Preshock air sound velocity versus time, 2000-foot range, over 
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Chapter   3 

INSTRUMENTATION   AND REMARKS' 

The data taken by Project 15 during Shot 12 were conelstent In themeelvet. but were not 
coneietent »lib temperature data taken over tbe tame ■urfacea by Project 8.4 e.   Also, 
neitber project's data were compatible with current blaat-wave tbeory aa applied to tbe 
preaaure data taken by otber projecta {Referencea 5. 6. and 8). 

Tbe preabock aouad velocttlea meaaured by Project 1.5 were about ball aa large aa 
ibuae predicted from peak preaaure. abock arrival, and precuraur angle photograpblc 
data    It tberefore aeema appropriate to examine tbe 1.5 instrumenta and determine if tbe 
recorda obtained were reaaonably correct, or if perbapa tbere were aome basic defl- 
cienciea in tbe instruments and tbe reaults obtained tberefore not a true representation 
of tbe pbysical picture- 

On tbla baaia. an attempt will be made In tbla cbapter to anawer tbe queationa aaked 
about these Instrumenta by many Interested partlea aince tbe contradictory data were 
flrat reported in tbe preliminary report-   In addition, tbe reaulta of aeveral supplementary 
teata of tbe Inatrumenta will be discussed 

3.1    BASIC SOUND VELOCITY METER 

Tbe baaic aound velocity meter uaed on Teapot waa tbe aame type aa that prevloualy 
uaed by Navy Electronics Laboratory (NEL) In meaaurcmema made at Tumbler and 
Upahot-Knothole, It consisted of two transducers, one uaed aa a loudapeaker. the otber 
aa a microphone.   Tbe distance between the tranaducer dlapbragroa waa fixed at 8 feet. 
Tbe acouatic signal which traveled between theae tranaducera waa a 3.200-cps carrier, 
amplitude-modulated by a lOO-cpa sinusoid (see Figure 31) 

The signal from the microphone terminals waa compared In time delay with the 
signal entering the termlnala of tbe loudapeaker-   The difference, when the correct 
phaae sdjustmenta were made, was the time of travel between the diaphragms-   The 
quotient of tbe Interdlaphragm distance and the interdlaphragm travel time was the 
velocity of aound In the tuedlum between diaphragms, aaaumlng a straight-line acouatic 
path between diaphragms.   The aforementioned phaae adjuatmenta were made because 
the carrier had to paas through Induetive, capacltlve, and resistive elementa and their 
equivalents in the various electronic circuits-   Theae caused a phaae shift of tbe car- 
rier (the phase shift in the modulating signal was '/,} of this).   Although the shift was 
very small, it was nevertheless corrected by use of a phase-shifting network. 

The 'ronsducers were Model 802-C Altec-Lansing high-frequency driver units 
capable of operating both as loudspeakers and as microphones over the range from 
1 to 10 kc.   Adequate directionality was obtained by coupling both transducers to the 
air medium by means of conical horns.   These horns had 1-Inch throats, a total flare 
angle of 2 arcton % and mouths 9 inches In diameter; these were adequate to prevent 
acoustic crosstalk between adjacent field channels. 

1 Further details of Inol.-umentation are Included In Appendix A. 
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A4nllt*fly. part of ihr meMured medium waa tiuitdr lb« borM tad truMducrr». 
bowvwr. UUt amouol WM smaJI In oom|NirtM» wtlli Uw toUl paiii lenffth. «ad th» •rror 
Introducvd WM imali (!••• Iiuu> 2 fwrcval for tht v«loclllM mcMurcd) 

1.1   CHANCES IN INSTRUMENTATION 

To fllmUute ■ bothoroomr InuwlMl eoodlUoo wfclcl» occurrvd for M much M % 
Moosd tllor detooaUoo on UM dott-la NEL velocity meiere on prevloue leete. eevertl 
major modlflcailoiut were made: 

1-   The AVC (auiomatlc-vdume-coQlrol) eyaiem uaed la prevloua leala waa 
eilmloaled    lie fuactlon waa to booal lha mlcrophooe output voltage »hro ihr mlcrophOM'a 

- 

Figure 3 1  Sound velocity meter tranaducera uaed on Upahot-Knothole. 
(Theae are aame aa uaed on Teapot, except for higher elevation and amaller 
diameter horn on microphone). 

input acoustic signal became weak.   Although the AVC performed satlafactorily in the Job 
for which it waa designed, it tended to maintain high voltage levels for long periods when 
once triggered by the electromagnetic transient at weapon detonation, which led to 
spurious velocity readings. 

2. Carefully designed line-balancing transformers were uaed to suppress longitu- 
dinal currents induced on the lines at detonation. 

3. The number of components per channel was drastically reduced.   Whereas 20 
vacuum tubes per channel were used before, only 5 were used on Teapot.   This in- 
creased tho probability of operating throughout a test without failure. 

4. Design changes enabled NEL to move most of the fragile electronic equipment 
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trom tbt blui-llM tMirumrat •h«li«ri which were wlthla 2.000 feel of ground lero hucn 
to UM recording van 7.000 fiel fron ground iero.   Thin protected the electronics from 
both the ■elerolc shock end the Intense e'ectromsgnetlc transient st detonntlon- 

5. Bnnd-psss (liters were used st the termlnstions of sU the lonf transmission 
linen to pnnn the csrrier and side bends, and yet ellmlnnte much of the side-band 
elecirtonl noise. 

6. The sctusl modulsted carrier that crossed the air gsp wan recorded on msgnellc 
tape together with a series of reference spikes    The shifts In time position of this 
carrier referred to these spikes conveyed the informstion of vsrlsilona in time deisjr 
scroas the air gap- 

In previous tests the carrier was demodulated and the resulting lOO-cyde signal 
waa converted Into s series of spikes at the poeluve-slope aero croaalnga.   The aignal 
spikes of one polarity were recorded on msgnetic tspe with reference spikes of opposite 
polarity.   Shifts In time positions of the signal spikes denoted the variations in time 
dslsy scross the air gap.   The Tespot system, which recorded the baaic sound signal 
rather than s «pike derived from this signal, la felt to be superior becauae better insight 
Into the system's operation is afforded. 

3.3 PRELIMINARY ELECTRONICS TEST 

On 29 March 19SS. a teat of the system waa msde on Shot 8 to determine the effec- 
tiveness of the aforementioned Instrumentation changes before using the equipment on 
Shot 12.   Five complete channels of instrumentation were set up at Area T-4 in Yuccs 
Fist st a ground range of 2,750 feet.   In addition, a sixth channel waa established which 
waa complete In every detail except one. the 4-termlnal network of two transducers, 
coupled by horns to the air medium, waa replaced by an electrical 4-termlnal network 
which had the same tranamlsslon characteristics ss the other under ambient conditions. 
The results of the six channels on this test were:  (1) no objectionable transients oc- 
curred st detunatloo on any channels; the translentt that did occur were of short duration, 
approximately 0.02 second long; (2) no significant sir-sound-velocity changes occurred; 
(3) on the five regular channels the pressure amplitude of the sound signal through the 
air decreased markedly after detonation; in fact, the one meter at iVf-foct elevation 
dropped to a level of l/u the ambient sound-pressure amplitude; and (4) the "dummy- 
alr-path" channel (sixth channel) did not f hnw any variations In signal amplitude 
whatsoever. 

It was concluded from this experiment that: (1) the removal of the AVC had 
eliminated the serious transient problem; (2) the long ground range (2.750 feet) and un- 
expectedly small weapon magnitude (15 kt) had prevented any noteworthy preshock alr- 
sound-veloclty Increase; and (3) there was a phenomenon causing attenuation of the 
original signals—either occurring In the air path or In the transducers themselves but 
was definitely not In the electronics (see Results 3 and 4 above). 

3.4 TRANSDUCERS AND THE AIR PATH 

The orientation of the transducers in Shot 12 was along radii from ground zero with 
the loudspeaker in all cases pointing away from and the microphone pointing toward 
ground zero.   Although In retrospect It would appear wiser to have oriented the trans- 
ducers across the lines, this was not done in the interest of not changing the test con- 
ditions from those of Upshot-Knothole and Tumbler. The reason that the instruments 
were so oriented on Tumbler in the first place was to measure the post-shock material 
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velocities la OSM UW taftnuneot« were capable of operatlag «n th*l period, a coadiUoa 
which uafurtuaately aever exlfi«<l 

A comparltoo of oo-the-llae veraua »croaa-the-tlae orleotaUoo waa made oa Upahol- 
Knoihole Shola 9 aad 10 for traaaduoars at elevalloaa of 10 feet, aad the dlfftreocea la 
their pretbock performaacet were locoaa«<iueoilaJ.   One might argue that at the lO-foot 
elevatlcm little velocity difference ihould occur uyway for the two oaaea. alace there la 
practically ao touod-velocity chaage at thla elevation. 

However, the laaldea of the mlcrophooee' home aad the floe copper ecreena la 
their throats were directly expoced to the thermal radiation In both Upahot-Knothole 
Shot 10 aad Teapot Shot 12 aad under almllar condltlona of yield and relative location. 
In Upahot-Knothole Shot 10 thoae Inatrumeata oriented along the blaat llae gave the aame 
nort of records aa thoae oriented acroas the blaat line at the same elevatloas (see Fig- 
ures 3.15 sad 316. Reference 2).   However, the microphone* horns used iu Upshot- 
Knothole were only % wavelength (of the carrier) from mouth to throat while thoae uaed 
oa Teapot were I1/] wsvelengths long    More will be aald about thla In Section 3.6. 

Since the Upahot-Knothole records were derived and not baalc raw data, as were the 
Teapot records, there Is no wsy of telling If there waa aa amplitude change In the scoustlc 
algnala received by the mlcrophonea.   But even If there waa. there waa no noteworthy 
velocity ahlft In the on-the-llne mctera aa compared with the acroaa-the-line metera. 
In abort, thermal radiation on the horna did not cauae any significant sound-velocity 
chsnges to occur on the Upshot-Knothole Shot 10 tests under conditions very slmllsr to 
Teapot Shot 12. 

The free-air directivity pattern at 3 2 kc of the loudspeaker and mlcropbone uaed 
In the Teapot Shot 12 aound-velocity measurements Is shown In Figure 3.2    This psttern 
wss msde with a loudspeaker and Ma born at ar elevation of 50 feet above the ground 
aurface.   Because of symmetry the pattern may be rotated about Its axla to eatabllah 
the three-dlmenatonal apace pattern (Ignore minor varlatlona between the rlgbt and left 
aldea of Figure 3.2).   The role of the transducer horn Is an Important one.   Thla la the 
device which prevents acoustic crosstalk between adjacent channels and minimizes the 
effectiveness of sound rays crossing the air gap by multiple path»    The danger from 
thla laat comes from a algnal whl :h crosses the gap at some average velocity over a path 
length which Is unknown    If a single acoustic ray were to travel between tranaducers by 
a devloua route the aound velocity found by C * D/t would be Incorrect, for although the 
travel time t would be correctly measured.  D  would not be the straight line distance 
between diaphragms.   Two possible ways for such an event to occur are: oy reflection 
of off-axis acoustic rays from a hard aurface such as the ground and by refraction of 
these rays from a hot-air region where the sound velocity Is higher than it is between 
the tranaducers. 

Let the appropriate data of the directivity pattern of Figure 3.2 be employed in a 
simple ray diagram as in Figure 3.3 which depicts the l'/j-foot-elevation transducer pair 
(a more severe condition than for the 3- and 6-foot elevation instruments); to simplify, 
assume that the zone of transmission from the loudspeaker is a point, and similarly, 
the zone of reception for the microphone is a point; then assume no inverse first power 
or inverse square law of sound transmission; also assume perfect reflection from the 
ground.   These last two assumptions are conservative (that is. they err in the direction 
which hurts the instrument's cause).   From Figure 3.2. the sound pressures associated 
with the two rays meeting at the microphone in Figure 3.3 differ by a factor of 16 in 
pressure amplitude.   It therefore seems reasonable that bundles of acoustic rays leaving 
a finite-sized loudspeaker horn and arriving at a finite-sized microphone horn (when re- 
flected from an imperfect reflecting surface and spread out by inverse first power or in- 
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Figure 3.2 Directivity pattern of Altec-Lansing 802-C loudspeaker at 
frequency 3.2 kc with attached horn.   Horn dimensions: 9-inch-diameter 
mouth; 1-inch-diameter throat: total flare angle 2 arc tan 2/3.   Scale: 
1 db/radial division. 
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vrrte •quarr law) will produce a prrwMirr of even Irw» than Vg that produced by Uie direct 
ray«   sljice ihr latter do not travel ao far and are nut aheorbed by a reflecting nrUium. 
An even more favorable ratio of algnal to nolae will ealat at ibr tugber elevation Inatm- 
menla at 3 and 6 feel 

An argument aimilar to ibe reflrctiun caae bolda for Ibe rrfrvcliun caae 
If Ibe maximum change uf amplitude of ibe afaighl-palb-algnal due to loog-palb 

aignal tnierff rrnce la one pari in aixteen. Ibe maximum nbifl in Ibe pbaar angle uf ibe 
earner ia 3*, degrvea (aee Appendix B)    Tbla repreaenla an error In Ibe calculated 
•uund velucily uf ibe aeouaiic aignal acruaa Ibe air palb of 0 06 percent uf an air lem- 

aaouMO 

Figure 33  Effect of directivity palterna on direct and indirect algnala 

pcrature of 70*0    From Ulla. It appeara that long-path algnala may enter Ibe micro- 
phone, but their contrlbullona to either phaae ahlfla or amplltuoe varlatlona of minimum 
path algnala are extremely email. 

Cither obaervera In tbla field have expreaaed the feeling that the alrong algnal rays 
near the axla of the luudapeaker might be refracted and travel over path lengtha which 
are about double the direct path length.   Aaaumlng that average velocity over tneae long 
patha ahould be double the ambient figure, the velocity meter would read a travel time 
l    2D/2c   which would be the some aa the I meaaured for direct path algnala at am- 
bient aound velocity, i.e., t   ■ D/c .   Certainly, one would have a difficult time fab- 
ricating auch a long-path aound ray in Figure 3.3.   The total length of the one-bounce 
aignal ray in that diagram (which la to acaJe) la only 19 percei t longer than the direct 
aignal ray.   Alao. aince the velocitlea measured by the aound velocity meter on all 
channels during Shot 12 atayed ateadlly at low valuea and did not even once go to double 
the ambient figure, one could hardly auppose that the air in the gap waa ateadlly hot and 
that directly below it waa ateadlly cooler.   Yet thla condition ia neceaaary for a con- 
tlnuou.s refraction of the alrong on-axla algnala.   Therefore, thla refraction explanation 
la considered improbable, and thla laat applies olac to the higher meters a? 3- and 6- 
foot elevations even though longer path lengths might be concocted for theae elevations. 
The caae of the off-axis signals has alreacfy been considered above.   Signal rays 
certainly can travel over long patha and would be quite important If the strong on-axla 
signals were lacking for some reason.   It would be hard to imagine that thla would 
happen steadily for any period of time, however, especially since on most channels 
almost every cycle of the carrier can be seen from shortly after zero time until shock 
arrival on the Shot 12 velocity recorda (see recorded sound signals. Appendix F). 
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ATTENUATION Of THE ACOUSTIC 
SIGNAL IN THE AIR GAP 

SS 

It «at 001*1 la « prdlmuury U?»i of the equipment 00 Shot 8 that some efltel. 
probahty thermal, wu oauelng the received aoouatlc ttgmü to be attenuated (Me Section 
l-J).   Thl» phenomenon alao occurred 00 Shot 12.   Since It did not occur In the one chan- 
nel on Shot 8 «her« the tranaducera and air path were replaced by an electrical network, 
it waa aaaunted that th» varlailooa were not related to the electronic! but rather to the 
air medium, the loudaprakrr. the microphone, and/or the horna 

The eapreaaloo for the propagation of a plane elnuaoldal eound preaaure wave In 
air la: 

i'(,«-J .[, -;] - 6x (3.1) 

Where: 
t 

P 

o 

c 

6 

- 

the dlataace from the aound aource in cm. 
the time in eeconda. 
the aound preaaure exiatlng at dlatance x in pal. 
the aound preaaure exiatlng at dlatance x ■ 0. when t • 0 (In pal). 

the velocity of aound In cm/aec. 
the attenuation conatant In nepera/cm. 
21 f and f la the fre<|uency in cydea/aec. 

There are two typea of aound attenuation in the air: attenuation due to molecular ab- 
aorptloo. 6   , and attenuation due to beat conductivity and viacoalty. 6 . 

m c 

n 
(3.2) 

Theae quantitlea are dependent upon air temperature, abaolute humidity, and the aound 
frequency (Reference 9. Fagea 64-67). 

For the 3.200-cp8 algnal uaed by Project 1.5 and aaauming a 30-percent relative 
humidity at 20'C. an air temperature change from 20*C to 7(rc will cauae a change in 
p. the preaaure amplitude. 6 feet from the loudspeaker of approximately 05 percent, 
negligible in comparlaon to the attenuations measured (see Appendix D for measured 
attenuatlona).   The attenuation factor Am is found from an extrapolation of Kneser's 
nomogram (Reference 9, Page 65), andöc la found from Sivian's attenuatlon-versus- 
temperature curve (Reference 9, Page 66).   See Appendix D for calculations. 

Neither Kneser's nor Sivian's data are for temperatures above 5(rc.   Furthermore, 
it is possible that large attenuations of acoustic signals do exist at higher air tempera- 
tures-   This might imply that Project 1.5 measured the attenuation of its acoustic sig- 
nals correctly but erred in its velocity computations.   However, if the Project 1.5 
velocities should be correct, then the associated air temperatures are so low that 
presently known acoustic-attenuation phenomena alone cannot account for the small pres- 
sure amplitudes measured.   This again suggests the phenomenon of destructive Inter- 
ference of multiple-path signals.   For a highly turbulent condition, it has been found in 
experiments at NEL that great attenuation can occur even when the signal is following 
the minimum path between transducers.   A test was performed in which velocities were 
measured over flaming pans of gasoline.   In orders to be certain that the acoustic  sig- 
nals were following the direct path between transducers, an asbestos baffle was placed 
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hmlhny acroM iht gap with ■ holt to It •llfnod with UM tnuMduoar honu (••# ftfure 
3 4)    It «bottld be clear Juu muHlple-paih ■tgnal« to a certain aenae alway« occur. 
•IAOC nor« lhaa OM ray paaaca thrtnif h the balQt hol«; but at laaat vary-loog-patb algMla 
art tllmloatcd In auch a actup. 

Per tha taat depleted la Plgurc 3.4. tha naaaurad algnal ajoplltudaa and calculated 
aouad valodtlta arc plottad vtraua Um« la Figure 3.8. 

Clearly, lhare waa lltUa velocity change, and yet there waa oonalderahle amplitude 
variation.   There alao waa an In' rval of 0.0S aecond where the »tfnal waa not only 
greatly dunlalahed but alao waa highly dlatorted.   Velocity meaaureroenta la thla 0.05- 

perlod were difficult to make becauae the Identity of a certain phaae (the maxlmun 

Figure 3.4 Sound velocity meter three feet above flaming gaaollne.   Aabeatoa 
baffle at midpoint of path. 

value of the modulation envelope) could not be determined with an accuracy of better than 
two or three cycles of the carrier.   However, It should be remarked thpt a crude meas- 
urement that would give arrival times accurate within 16 percent could have been made 
even during 0.03 second of this 0.05-second Interval.   During the other 0.02 second, the 
signal waa Indeed completely unreadable. 

Looking at Figures 3.4 and 3.5, one might wonder whether the velocity meter waa 
functioning p. operly if such a small velocity change was measured since the air medium 
between the transducers must have experienced a sizable temperature increase.   First 
of all. It Is not likely that Figure 3.4 corresponds to any Instant of the 0.40-8econd 
recorded Interval of Figure 3.5.   Futhermore, there were 100 measurements of velocity 
made every second.   Each of these V,00-8econd intervals covered 6 Inchs on a Brush 
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wordvr p«fwr tap« lo UM (UUU rtoord.   TW laak of choMtag ih» mo« rvprcMeUUr» 
Mdloo of aa ortftaal 30-aacuad recordlag taianral la mil of proportioo lo Ha Importaao«. 
«Iwa on» raailaaa UMI iba oorraapoodlag papar raoord la more thao x

t of a mUa la 
\9tHk.   80 poaalbly UM beai aanpl« of valoclQr raoord vaa ool ehoaaa for aaalyata. 
Howavar. Iba quaaUoa ailll artaaa aa to why Uta algaal amplltuda chanf ad ao much whan 
lha aouad wloclly did ool and wbathar lha aouad v»Iocliy waa m»aaur»d wlU> •uffJciaoi 
accuracy uadrr •uch clrcumalaacaa- 

la Ilia foilowlog paragrapha of Ihla chapiar aavaral more cootrollad «xparlmaa'a 
will ba daacrlbad which lodlcala ihi» raaaooa why tha anaeuatioo ooourrad aad why. 
In iplla of lha attoouailoo. tha velocity malar could maaaura velocity at auch tlraaa with 
a eufflclaot degre« of accuracy 

Before deacrlblog thaaa eaperlm^nta aad la order to clarify lha picture, the fcUow- 
tag eumroiry of the attaeuatloe phaoomeooa theory la given, baaed on the aaaumptloa that 

0.2 0.3 0.4 

Time, seconds 

Figure 35  Measured Bound velocities and signal amplitudes three feet above 
flaming gasoline tins-   Baffle at path midpoint.   (See Figure 3.4). 
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tb* vtlocitjf ncuurvd la rtaaoaahly corrtd — •ub«üu>ü£Öoii cf thia Imporiaai laoai *tU 
UJev. 

1. The «iteoiulJoa mMMitd i« not du« prtauurtly to ebtagt« to Uw tltaotuiUoo 
oooataat 6 bocauae at Uta laioparaturaa oorraapoodtog to UM valocttiaa raoordad tha 
choafe la A la laflftltaalnuu (aaa AppaodU 0). 

2. UM anaouatloo la oo( dua to loog-paih algnala lotarfarlog witii mlolnun-fwtli 
•tfoala at UM mlcrophooa. bacauaa UM anpllluda at UM mlcrophooa of any loof-path 
■Icnaia would ba too anall dua to horn dlractlooallUaa for Utfa to IM Inportaat 

S.  AitaouaU«! la not dua to rafraeUoa of UM atroog oa-aala aoouaUe raya out of 
UM atralgiti-lloe path bacauaa UUa Irapllea hot air to thla path wlU» coolar air aur- 
roundJng II 

4.   Tha attaouaUoo la partly dua to uaavaa baattog of UM air madlum cauatog 
daatructtva Interference to UM direct path algnala-   The buatSa of aoouaUe raya paaaing 
ibrougb the baffle bole io Figure 34 la affected by cootlguoua aooaa of hoi and cold air. 
But UM tooaa of bot air do not need to ba vary bot. for ailb dtotaac« of 4 6 foot between 
born moutba a change in temperature from 20*C to 44*C would be aufflclent to dungr 
tha number of carrier cyclea In thla dlatance from 13.1 to 126 (I- a-. a change of l/t 

wavelength at the microphone).   It la not difficult to Imagine two aoouatlc raya creating 
tha air gap through the baffle bole, with one paaaing through air of an average tempera- 
ture of 20'C and the other paaaing through air at an average temperature of 44*C.   The 
two would completely cancel each other, and yet the velocity meter, when recording 
either, would have correctly Indicated valuea of only 1.125 or 1.170 fl/aec. reapecUvely 

5    The attenuation la alao due partly to the mlcropbonea' borna being expoaed to 
Intenae thermal radiation and hence rlalng to very high temperaturea    Sound algnal 
raya traveling along the bot air layer near the horn would arrive at the burn throat out 
of phaae with thoae which had taken the route of UM cooler air path near the axla.   Thla 
effect la moat pronounced for frequenclea at which the aonlc wavelengtha are about the 
aame alte aa the born dlmenalona. or amaller    Thla la dlaouaaed further in Section 
36 to follow.   If the above theory la correct. It doea not aeem aurprlaing that attenua- 
tion of acouatlc algnala occurred in the air medium during the Nevada Teapot teata 
when the meaaured aound velocity changea were averaging only 9-percent increaae 
above ambient. 

36   OTHER MEASUREMENTS OF VELOCITY 

The queation exlata aa to whether the velocity meter really did meaaure velocity. 
Firat. there haa never been a teat where a atring of thermocouplea haa been placed 
acroaa the acouatlc air path to verify the velocitlea meaaured in term» of their corre- 
aponding temperaturea.  However, there have been inatructive teata made on the in- 
atrumentatlon under controlled condltiona aa follows. 

1. When the transducer diaphragms were spaced 3 feet apart instead of 6 feet, the 
travel time of the acoustic algnal was cut in half, and the recorded value of velocity was 
therefore doubled.   Similar results occurred for other spacings aa expected. 

2. When the sound velocity meter waa situated in a paint oven at NEL and the tem- 
perature in the oven waa raiaed from 90*F to 130*F and then to 160*F, the velocitlea 
meaaured by the meter at the three temperatures were aa given in Table 3.1.   The oven 
temperatures were measured by a thermocouple situated In the back wall of the oven 
and projecting on a stud into the air about 6 Inches from the wall.   The accuracy of the 
thermocouple is not known.   The oven was heated by electrical coils in the celling and 
fans blew the hot air toward the floor.   It Is reported by those who use the oven that for 
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■ ttmiwralur« rtadtaff of 160*P thin I« ■ dlffertmtlAl betwMa ceUlnf and floor of M'P 
»Jung ih» bock wtil-   AlUtuugb ihf rosulU» of tht« teil are not M coovtociag u tbooo re- 
corded for two velocity meiere ueed on Tumbler (Table 42. Reference 1). ibis 1« 
altrUmtod partitJly to the lower frequency carrier uaed on Teapot (3 2 kc Inatead of 
10 kc) wblcb cauaed aaooylnf reflectiona from Ibe bard walla of tbe oven wboae acaled 
leagtb. wldtb. and belgbt bad now decreaaed by a factor of tbree.   Unfortunately, an 
oven 27 time« aa big waa not available,   furtbermore. It abould be remembered tbai 
tbla aane thermocouple appeared to be ID error to tbe Tumbler pre-Nevada teata wben 
two velocity metera In tbe oven agreed more eloaely wltb eacb otber tban wltb tbe 
tbermocouple (aee Reference 1. Table 4.2).   R waa (bund wben running tbla teat tbat one 
bad to bold tbe oven temperature at a certain level for perbapa a minute before tbe 

TAOLI > i    aaauLTi or Tin or paoiKcr i.i VILOG mr um a m PAO T ovta 

Traevraittf« 
aowMl Vcloctly 
CtimlaM frMB 

ttmptntitn 

$omä Vttoctiy 

•auwl VvtMlty 
M«wr 

MkMMl 
Vatoclty la 
TwMMlMli 

K«I*II>* Error 
Ul toiMMl Vtlocll» 
AM«MMeO«M 

Cwntt 

Air T»»e*raiiir« 
CalnUaM Utm 
Vvioeiiy MM.Mrv 
•MM m**&i 
Vvtocity Httot 

•r c H/mt a/MC a/wc p«'CMII ■ • •' 

♦0 J: 1.141 I.I« 0 0 N u 

131' i» I.IM I.ITJ II 1 i 111 «•. 
1«. •« l.lll l.tM »1 i» M .'.J 

velocity meter readlnga atabillzed.   Tbla waa attributed to air temperature gradient« 
wblcb vaniabed after tbe temperature really became «table.   Tbe tbermocouple uaed 
apparently bad great thermal inertia aa would be expected for a paint oven. 

3. At the Nevada Teat Site, It waa noticed that the air temperature change be- 
tween night and morning waa recorded by tbe aound-veloclty metera.   A change of phaae 
of */, of the carrier wavelength occurred when the temperature changed from 50*F to 
70* F. and tbla waa obaervcd on all channel« daily. 

4. When the wind blew at Frenchman Flat, the resultant qualitative changes in 
sound velocity were recorded by the metera. 

5. When a flat board waa placed aa an obstacle across the air path the recorded 
signal level would drop to almost zero.   However, when shovelfuls of sand were dropped 
through the gap there was no discernible variation in velocity (see Reference 2. 
Section 3.1). 

3.7    ATTENUATION OF ACOUSTIC SIGNALS CAUSED BY 
HEATING VARIOUS PARTS OF THE MICROPHONE 

As mentioned in Section 3.4, the sound-velocity meter transducers in Teapot Shot 
12, as well a« in Tumbler Shots 3 and 4 and Upshot-Knothole Shots 9 and 102. were 
oriented with their axes along the blast line. In every case the microphone unit which was 

2 Except for cross-the-line channels in the particle velocity meter used on Upshot- 
Knothole Shots 9 and 10. 
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to rtctin UM aeotMiic alfMÜ ted H« horn potiutng toward ground wro.   Alto, la UM 

throat of tho horn ih»rr wm a copper •crtwa. b«hlnd thlc icreen WM anolhor coolcai 
hon» which wn» ■ part of the tranadueor Itaalf and which coonactod to an acouatical 
labyrinth, avootually tormlnatlm la tha chamber whart a 2-mU-Uüch. «hlay. duraj 
diaphragm waa altuaied    Tha aforvmentlooed labyrloih waa tha acouatical aquivalanl of 
an axtaoaloo of the tranaducer horn, and conaeijuenüy. the croaa-aeitloo horn area where 
tha labyrinth Joined the diaphragm chamber waa extremely email.   To tha knowledge of 
the author, or anyone of the Project peraoonal (who «erved la three teata). there never 
waa an inataace where a diaphragm waa adveraely aflrcted by the thermal radiation, there 
were, however, numeroua caaee where floe dual waa blown onto the diaphragm by the blaat 
wave    Thla left a ahadow picture of the labvrloth openliut on the dlaphrai». but no 

laerws* 

* 5 /  i ? I 10' 

figure 3 6 Effect of burning copper acreen la horn throat on microphone. 

••<•#«♦•««   TMM 

OS! 0 3/ OS« CS9 0 94 019 0 9f 

Figure 37 Effect of applying a blowtorch flame to born of microphone. 

abaoow picture due to thermal radiation waa ever obaerved.   However, the aforementioned 
copper acreena in the throat« of the large conical home were Invariably charred, the 
amount depenHlngupon the magnitude of Incident thermal radiation. 

After Shot 12. teata were conducted at NEL to determine what would happen to the 
acouatlc slgnai's amplitude while the copper acreen in the microphone unit waa burning. 
To accompliah thla, a 180-volt B-battery aupply waa abort-circuited through the acreen 
while the velocity meter waa operating.   Judging by the effect on the acreen, thla teat 
was more severe than its equivalent on an ordinary Nevada teat.   Alao, a tranalent con- 
dition existed some two to four times as long as those observed on Teapot Shot 12. 
However, at the end of this period (40 msec) the amplitude of the signal v no 66 percent 
of ambient and 90 percent of ambient. 10 msec later.   After the 40-msec transient, there 
was no detectable sound-velocity change as measured over a 6-foot path length (see 
Figure 3.6). 

Another test was conducted at NEL to determine the effect of beating the horn of the 
microphone, in order to simulate the usual Nevada test condition.   For this, a blow- 
torch flame was applied to the microphone horn while the complete system was operating 
(see Figures 3.7 and 3.8). 
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Figure 3.8 Signal ampliiutk- versus time fur ctmdttlun when- blowturch In 
played over microphone horn 

It Is clear from an examination of Figure 37 that then- Is practically no shift In tht- 
phase of the recorded signal's envelope with respect to the reference time spikes 
Yet the signal's amplitude In this same period dropped to as llttlf as 3 percent of its 
original value. 

I 

SECRET 



Chapter   4 

DISCUSSION 

Tb« prvchock touod velocitlei ro«Mur«d by Projcot IS during Shot 12 (tid ooc tfTM 
with prvtbock sound vvloclllei c«Jculnt«d from pr*««ur« diU taken by olb«r nfvncif■ 
(R«ftr«ocM ft. 6. tad 8) and ualag current blaal-vav« Ibaorta«.   In all oaaaa tba 
Project 1.5 velocity valuee «are low by tbe order of a factor of two-   Alto, tbaaa 
directly roaaaured touod velocltlet ware almott tbe tame ti tbe 1.000-foot raagt ta at 
tbe 2.000-foot range on botb tbe aapbalt and dttert turfocat-  In addlUon. tbart «a« 
little difference between tbe vtluet recorded over different turfocat (dttert. tapbtlt. 
water, fir bough», end concrete) and tmall dlfforeaoaa tt tbt vartout tltvatlona (1% 
3. aad 6 feet). 

Yet In 23 out of 24 channelt tbt vtloclty-meter Inatrumtnta teemed to perform 
•dequ«tely    Subtequent tettt tt tbe Ntvy Electroolct Laboritory (NCL) Indicated thtt 
tbe meiert ware working tt tbfy tbould ba aad thtt tbey would roeaaure velocity under 
laboratory conditlont within ta tccuracy of 6 percent at air temperaturet up to 160*F- 

Direct pretbock tempertture meaauramenlt were rotde on Shot 12 by Project 8.4a 
(Reference 12) and over tbe ttme turfacet tt thote where Project 15 meaaured tound 
velocltlet 

Tempertture It related to tound velocity by: 

c • KT^1 (4.1) 

Where: c a tound velocity ft/tec 
T ■ tbtolute tempertture 
K ■ t contttnt for t given medium of contttnt molecular weight. 

It wtt hoped thtt an agreement between the meaaured c and T valuta would help 
explain the precurtor phenomenon.   Unfortunately, tbe Project 8.4e data agreed neither 
with the Project 1.5 data nor with the blast data    Several unutual phenomena were note- 
worthy In the 8.4 e data: 

1. Over the plott of fir bought. Ivy. concrete, and wood (thlt Ittt plot waa not In- 
strumented by Project 15) the temperaturet appttred to Increate with elevation up to 
10 feet.   Thlt certainly waa not expected over concrete and doet not agree with tonic 
velocity data or current blaat theory. 

2. High elevation channelt showed temperature Increttet before the low elevation 
channelt did In many cases.   Thlt Is contradicted by tbe sound-velocity dttt and current 
blast theory also. 

3. High preshock maximum temperaturet were reached In many catet; thlt agreed 
at leatt qualitatively with pretent blast theories, although It was not supported by the 
Project 1.5 data which consistently showed low velocity values on all channelt.   However, 
the Project 8.4e temperature value' invariably dropped after thete maxima to very low 
magnitudes before shock arrival.   This wat not recorcllable with any known theory. 
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4.1     CALCULATIONS OF PRLSHOCK SOUND VELOCITY 
FROM PEAK-PRCSSURC. SMOCK-VELOCITY. 
AND PRECURSOR-ANGLE DATA 

Tfctrt art Mveral nwUiodt currectiy uMd for cajculailng UM prvabocJl »ound veloc- 
ttf at low «fovatioM oa a precursor •hot fron UM bU«i (tola    The flrtt of UM«« (W- 

pltlocd In Rvforvnc« 7. Chapltr S) tavolves UM meMuremrai of lb« Mglt of Uw prt- 
ouraor t««t (root wtUi UM horlioaul tod UM kaowledir of UM »mbleoi air iouod vtloe- 
Ity abova an aaaumed haatad air lagrar.   It la oaloulatod from: 

co 
•In 9 • — 

c 

UtMr« • • UM angle between UM precuraor wave front and tba boiiiootai. 
o • velocity of aound In tbe beated layer. 

CQ * velocity of aound In tbe cool air above It 

<4.D 

Tbla tbeory doea not tabe account of a temperature gradient In UM tbermal layer.   A 
more refined treatment which ocnaldera a tbermal gradient la Mggeeted In Chapter 4 
of Reference 8.   Here Equation 4.2 la aupplanted by: 

Sin 9      en 
ii        ■    w 

Sin t     c 
(4.3, 

Where o ■ the acute angle which the wave front In the thermal layer makea with tbe 
tbe thermal boundary. 

Equation 4.2 la a apeclal caae of Equation 4.3 where the thermal Mach wave la at right 
anglea to the boundary. I.e., aln t " ain 90* ■ 1.   By experimentally meaaurlng 9 and t. 
ualng hlgb-apeed photography, and knowing In advance tbe value of Co. the quantity c 
can be calculated.    For 9 < ^ < 90* . c will be leaa than values calculated ualng Equation 
4.2 but will alwaya exceed c0.   The uae of Equation« 4.2 and 4.3 la limited by UM ac- 
curacy with which V and 0 can be meaaured. 

A aecond technique for calculating aound velocity arlaea from the aaaumpUon that 
the direction of wave propagation la horizontal very clone to the ground, I.e.. the wave 
front la perpendicular to tbe ground.   In this method the preahock aound velocity la re- 
lated to the blaat-wave velocity.   Although the preaaure wave la of a complex type which 
doea not lend Itaelf well to atralgbtforward mathematical analyala. nevertheleaa, from 
tbe meaaured peak preaaurea which can be calculated within reasonable llmlta, an 
approximate relationship between the blast-wave velocity and acoustic velocity con be 
eatabllshed. 

A third technique for determining preahock sound velocity consists of measuring 
the time of arrival of a blast wave at two gages separated from each other by a known 
distance vertically, e. g., a few feet (Reference 10, Page 134).   Assuming the angle 
this wave front makes with the horizontal is <p, the gage spacing is h feet), the differ- 
ence in arrival times at the two gages is At (seconds), and the velocity of propagation 
along the ground is c' (ft/sec), then the preshock velocity c of the wave in ft/sec is: 
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c'  sUi t ['•(^),] \h m, 

A modlflcalion of this method Is uied to Ihli report.   Project 15 obUlned sbock- 
arrival data from Project I 10 and used these in an apptlcatiun mmllar to thai of lUjua- 
tioo 4.4.   The difference »a» that the prtrsaure gages were not In vertical arrays, but 
this was no particular handicap since their relative locations were known    Arrival 
tlmea werr known »ahm 0.5 msec 

Vrlocillrs. umperalurea. and wave-front angles werv calculated using thes« 
data and arc glvrn In TabU- 4 1    Assuming that 95 percent of the meaaurementa of lime 

TABU  < i      HIAiiT  VI t.mtTU» ANU c«4iNtl|HjMMMU A» TIMPtNATVNKS 

l *i.«l»lrU tro« »a* »f KllMllo« < 4 l*ClMM|«*a     Oag» •U«MMM Mf*   • M4 1 |MI     DvtrtMHMM ol ll» ««>• • 
ll« Ihr «t^af »l»v rMgr* uf Ik» wlacll»   c   MMI Ike immprntaiutm  T     TW fim  #. «Sick I« *l*r»UM4 fey «r • 
rival iimc» «i I«« i*i**   *•• ii« <ls«i»r»tu« lu«i b» • um« i»M»ir«w«i »rror ol M »«cfc M > • i awv« M 

l.fiiiKt M*n<r NM<« la ttkicb Trwc « HM«r la »kirk Trw NM«B ol Tawearaiiira 
ii»d feirUrr ilhwiitdct«' a« pelof Slaai Waw v.l«»» c T CoffiaynaiSag lo 

Tim» HHMM cjroir a« pel of Valoetly llMfa 
Tlwa 

tr.l 

I UMdrarrt 
1.000 dravrl 
I Soodaavrt 

J   OOOdTM-fl 

I MOaaplull 
IPOOaajAali 
I.SoOaapkaJl 

drfrcra 

■; 

M — ft« 
T3-M 

t&- M 
47 —ai 
ft« — al 

I.Mft—3.4M 
l.SJi- 1.7M 
l.tll - l.tftt 

I.ItT— l.M« 
ISO«- IIM 
I.TM—IJI* 
I Ml - MIO 

•ia— MI» 
7ft— 403 
M —•• 

4ft —«I 
t*4- I.IM 
4«S- »73 
147 — 31* 

at either of two prrssutv Ragri* will fall within 0.5 msec of the true arrival time and 
aiisuming that ih««i- muasured times form a normal dlstrlbullon. it can be shown that 
the time difference At will also form a normal distribution where 84 percent of the mess- 
urrments will be within 0.5 msec of the true At.   The following tables sssume this 0.5 
msrr error in the measurement of At. 

Judging from the slow pressure rise of the waves from which these arrival-time 
data were taken (Reference 6). it appears that they are acoustic rather than shock.   This 
being so. the quantity, c in Table 4.1 would be an acoustic velocity.   Clearly these val- 
ues of c far exceed those recorded in a direct measurement of sound velocity levels at 
between I1, feet and 6 feet by Project 1.6.   Except for the values at the 2,500-foot and 
3.000-foot desert ranges, the temperature values in Table 4.1 encompass the values found 
by ihr firM two methods of temperature and velocity calculation described at the begin- 
ning of this section and plotted in Figure 2.28 , Reference 11.   In this last plot. Equation 
4.2 is presumably used rather than Equation 4.3 for the Naval Ordnance Laboratory 
(NOL) data. 

If Equation 43 had been used, the velocity and temperature values would be re- 
duced depending upon how small an angle 0 was.   Although possibly <t> was not measured 
photographically in Shot 12, it was measured by the Project 1.10 pressure gages within 
the limits Imposed by arrival-time errors of i 0.5 msec.   Using the range of values 
of 0 from Table 4.1 in Table 42. one can calculate the minimum and maximum sound 
velocity values cmin and c,^^ by use of Equation 4.3.   The gages which determined the 
angle (j, in Table 4.2 were at 0- and 3-foot elevations at each location and therefore 
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pftii. If not «11. of the wtvo front would be In thr heated air layer by tlmont any current 
theory. 

In conatdering »hrihtr the ahuck-arrival lechniquv would give the name wave front 
angle aa the meaaured photographic record, the range of anglea calculated from ahoch 
arrlvala ualng the ■ 0 S-maec poaalble error at each gag« yielded valuea agreeing very 
well with thoae recorded on film by Project 12 (aee Table 4 3). Becauae of this cor- 
relation. It la expected that the uae of the technique for determining « at the very low 
elevation« (0 and 3 feeli la alao valid, allhuugh adntlitetUy the ahape of the wave front 
at theae altltudea la known with cooalderably leaa certainty 

In Tablea 4.1 and 4 2. raogea ot velocltlea are tabulated which depend upon the 
accuracy with which the wave-front angle 0 can be meaaured.   Table 4.1 alao dependa 

TAau «.I   auar vtuxrrnu 

Waal ««lociiiM calnlMrt Inm «M «I I»|WHIM 4 ] «Wr« • la Mgl* awM»r^ by er«)»«« 
• w Mgl» nwi—rt Itom WAM-M«« •rrtral UMM M era)M« I I* gagM.  c la 
•«iodiy ♦ l.l»4 a/a^ 

I V. 

h u a 
il 
• 

1: I :*l 1 •A 
• 

• n Jl 1 m u m 
iMl *t *t *• n/aM n/«a« ft/aac 

l.tOOdaaarl »• 0 404 a O.MI u 0.M« 1.140 1.140 I.IM 

t.eeodaaan «14 O.MI H O.MI s» ON« I.OITI MM I.MO 

I.UOaaplMli Ml 0 4a :•-. 0 411 «« 0TN I.MTI 1.114 I.IM 

1.000 aaptell r 0 000 4T 0.TJ0 II O.MO 1.371 i.rn I.IM 

• Cscap« lor 1.000 aaplMJi. aa« tun 

t Tkaaa valuaa of Cni« «r» laaa lhaa anblaal    TMa raaulla (ram takln« UM much ot an arror 
raaga (or « ao UMU «„,!„ • *    II amin •• arMlrarlljr a^ wj«*! to «. oaa oMalna a mora aanattklr 
c mm — I" Column • 

upon the velocity  c'   with which the blast wave is propagated along the ground.   Table 
4.2 depends upon the measurement of the blast wave angle 0 above the thermal layer. 
It will be noted In Table 12 that there are ikta given for the 2,000-foot range on the 
asphalt line-   Moreover. 9 was not measured at this range by Project 1.2.   However, 
because of the good correlation of the angle 9 measured by Projects 1.2 and 110 (see 
Table 4.3) and the fact that 0 from the photographs at 1.500-foot desert. 2.000-foot 
desert and 1.500-foot asphalt ranges agreed with the low angle values of 0 derived from 
the Project 110 data, it is felt to be a reasonable assumption to use an angle of 37°   for 
0 at the 2,000-foot range on the asphalt line (sec Table 4.3).   With this value of 0 and the 
values of ^min and 0maxcalculated from arrival times at the 0- and 3-foot elevation 
Project 1.10 gages, cm|n and cmax are calculated and tabulated.   Combining the results 
listed in Tables 4.1 and 4.2, one obtains a range of probable values for the preshock 
sound velocity for ground distances of 1,500 and 2,000 feet on the desert and asphalt 
lines (see Table 4. 4).   The velocity ranges listed in Table 4.4 should therefore be 
consistent with the measured blast-wave velocity along the ground and the angles of 
the blast-wave front, both within and above the thermal layer. 
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Th« imaJl viiiM of # for U» 1.000-fooc Mphilt Ioc«lloo lead« lo iratiltr aound v«loc- 
IU«t being mdlcaied •! Uw 1.000-fool uphalt looUloo iluu» would urdlntrlly bo 
Tho imtll o   lodlcolof • Urg# ibornuU grtdivot ai UU« raogo 

4 1   PROICCT l.S SOUND-VILOCITiT DATA 

42 1 Toopot tootnunoirta. Cloarly. Ibo maaaiirod aouod-wloclty dau. with tbo 
oaoopdoo of tho 1.000-fool dtaort looaUoo. do not ifroo «du» tbo flguroa labulatod la 
Table 44.   Many toata oa üw ammd-volooliy motors bavo boon nodi to aoo If tbo 13 
duumelt which recorded data could have bern malfuocUonlof (aot Chapter S)—It 1« 

TA8U«i    wavf raorr AMOU COMFAMKO 
CammrUm ol ■•«• tnm mj» m$mu%i »fcölagwilimlly fey Pro)»« I I 
■Ml •••* fr«N «g|« m—mn4 ^ *»** 1 Itl >• «M IMM ti««Mk» 

I wrtttj -UM» tmn 9t • I MM MM* mm 

GroMMUMfi Pr«)Mi I t Aagl« frafMl til 
Mdturlbc» AaslvaMf» 

I.MOMMrt »• »I —M 
t.«MdM«n «ll «l.l-«.« 
i.tMupMi MI ati-no 
I.M* MpMJl No« MMwrte MT — Ml 

believed that they were not.   It la further believed that moot of the attenuation of tbo 
aooustlc ilgnala which waa observed was cauood la a relatively small part of the acoustic 
path; that Is, In the microphone born-   It Is felt that destructive Interference occurred 
In these horns, which wore apparently long enough to allow phase ablfta of aa much aa 
11 wavelength between different aooic rays traveling by hot and cold patha but only 
rarely a shift of one wavelength-   If the latter had happened, signals would have been 
sugmooted Inatead of diminished, and although this did occur In Isolated cases. It waa a 
very rare occurrence.   Yet hundreds of cyclea of the alne wavoa which left tbo loud- 
speakers croaaed the air path and entered tho mlcropboooo and wore cloarly recorded. 
These waves are depleted In Flguroa F-l and F.24.   These records were obtained by 
playing back the original msgnetlc tapes and photographing the amplified signal from the 
tape as It appeared on a cathode-ray tube.   Thoao data will enable anyone Interested to 
roughly determine that no great velocity change occurred on any Channel (employ the 
technique described In Table 4.2).   A more refined method waa uaod by the analysts at 
NEL for this determination.   The magnetic tapes, which were run at speeds of 15 In/sec 
when recording the original data, were played back at approximately x/m this speed, 
thereby converting the carrier frequency from 3,200 cps to 32 cps.   This signal waa then 
paased through a dc amplifier and recorded on a Brush oaclllographlc paper recorder run 
at 6 In/aec.   In this way the scale waa greatly expanded, notea could be made upon the 
record and a very-accurate cycle-by-cycle analyals of phase shifts made. 

4.2.2 Data Comparisons with Prevloua Precuraor Shots.  There are very few veloc- 
ity data available from other precursor-shot tests to use for comparison with the 1.5 
Teapot data.   The best would be the Tumbler Shot 4 velocities at 1%-foot elevation at 
ground range of 1,342 feet.   Preahock velocities In this case roughly averaged 2,500 
ft/sec, not greatly different from the calculated values given in Table 4.4 for the 1,500- 
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fool dtMrt locatioo la Teapot 8kol It   Tter« doM not MMB to be any reaaoo to quoetloo 
Üw validity o( thla particular Tumbler Sbot 4 meter's diU-   But seruttaläng the Teapot 
Shot 12 velocity recorda and the Tumbler Sbot 4 velocity recordi la general, esclualve 
of oiber data and tbeorlee. one would lead to be more akepUeal of tbe Tumbler laatru- 
menutloo at doae-la ranges becauae of tbe frequent toaa of dila points (aee Appendixes 
C and 0. Reference 1).   It Is believed todsy that tbe sttenustlon of tbe acoustic signals 
«bleb waa measured la Teapot occurred alao In Tumbler and Upabot-Knotbole but 
could not be obaerved becauae of tbe recording techniques used In those testa.   Tbe 
Tumbler and Upabot-Knotbole data were derived data.   Zero crossings with positive 
slope of tbe modulation frequency sinusoid (sfter demodUstlon) were made to form sig- 
nal spikes which were recorded on msgnetlc tape along with reference timing spikes. 

TASLE 4.4      PSiMOCK S3UND VtLuCITIU 

PrMltoca tomä lelocntM •»• compuM» •im m»m*n4 ni*M »* U» 
UMnral «vtoeny »■. ttm amw aast* • bM««M Ik» MM IraM tti dw 
Omtmai layvr MS Ik» Uwrnul l«jr»f bouftSirjr Md ÜM MMW MSI» t be- 
ta««« Uw ••«« rraM unlw «ir ate«« Urn Umrmul Imnt teMduy Md 
ttmbomduy   

OnwMl SMg»      Pntka* torn* Vvledly SMft Corr««peMdU« 
MS »irto«« M, T»mp»m*n 

I.MSSM«rl l.m-I.IM 413 —»M 
2.M«SM«rl I.»«—i.SM Tl—1T| 
ite«M(>teii            i.tM-t.ite IM-4M 
i.ossMptait I.7W-IJM «ei-sr 

Velocities were calculated from tbe shifts of tbe signal spikes with respect to the timing 
spikes (Reference 1).   Changes In elgnal amplitude could cause spurious shifts In tbe 
signal spikes, could make them vanlah. or could even generate extra ones.   All of these 
phenomena have been observed 

In summary. It must be said that the people who tave been closely aaaoclated with 
the sound velocity meters In Tumbler. Upshot-Knothole, and Teapot consider the 
Teapot Instruments to be much more reliable than those used In tbe other two testa. 
However, the data taken In Tumbler and Upabot-Knotbole are still considered reliable in 
those periods where several signal spikes In succession indicated similar values of sound 
velocity, but cases of Isolated high-velocity points after several cycles of no signal 
should be treated with great akeptlclsm, whether they agree with current theory or not. 

Tbe Teapot velocity data by themselves imply the following: 
1. Since blast-wave arrival times are shortest on the asphalt line, next on the 

desert line, and longest on the water line (and these are measurable from the Project 
15 data), the velocity of propagation in the horizontal direction on the three lines Is 
greatest on the asphalt, next on the desert, and least on the water line. 

2. Since meaaured conic velocities at 1%-foot, 3-foot and 6-foot elevations in- 
creased approximately 9 percent above ambient from detonation to shock-arrival time 
at the 1.000-foot and 2.000-foot ranges, and irrespective of the surface, for Paragraph 
1 above to be true, the thermal layer of consequence must have been between the ground 
level and some elevation below l1/, foot, say 6 inches or 1 foot, unless the measured 
sound velocities are not related as assumed to the blast-wave propagation velocities. 

3. If the preshock velocity of sound in the air was really some high value such as 
those calculated for Table 4.4, then the velocity meter simply does not work—although 
it will in most cases record every sine wave which leaves a loudspeaker, crosses a 
6-foot air path, and enters a microphone (see Figures F.l through F.24). 
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4.   From the throri»?» on lb«? InalrumeoUiioo prvMntod In CkipUr 9. Ilwr« 1« ■ 
cluwce of ihf velocity meter's erring la It« velocity meseuremeat beotuM of Um cod 
air remaining In the traneducer»    Thli error Is • function of tlte temperature of tite air 
through which the acoustic signal passe» (being 0 percent at ambient).   However, It Is 
a!ao possible to err in the other direction. If the horns sre bested red hoi and the sir In 
front of them becomes hot and thereby causes s more rapid advance of the acoustic sig- 
nal.   The Project 15 data Imply that the total preshock-sound-veloclty Increase Is small 
above an elevation of lV} feel    Also the msgnltudes are similar at the 1.000-foot sad 
2.000-foot rangen and even over different surfsces    This might roeao thai the only ve- 
locity Incresse of significance messured waa that due to the hot sir near the u anaducer 
horns-   This lends to the conclueioo that the velocity measured by the mHers «as pos- 
sibly too isrge rsther than too small.   Some small measure of credibility is lent to this 
supposition when one looks sgaln at Figure 2 1 snd observes thst the water-line meter 
channels, where the reflectance of the surfsce wss highest, measured a somewhat 
higher aound velocity ihsn did the asphalt and desert channels.   Certainly no one would 
predict a higher air temperature over the water surface. 
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Chapter    5 

CONCLUSIONS   AND RECOMMENDATIONS 

Tfe* tound wloclly meter «ppean to be capable of rrcordiog tbouMAda ot cycle« of 
•couetlc signaJa at ground rangea of 1.000 and 2.000 feet from drtooation to abock ar- 
rival Cor the teat condlilun* of Sbot 12 (aee Appendix F).   Tbeae acouatlc wavea did not 
enter tbe mlcropbooea aa aoon (except for tbe water aurface) aa current blaat-wave thrury 
predicted thai tbey abould.   No aatlalactory explanation aeema to be available aa to where 
ibeae acouatlc atgnala could have apent tbelr time 

It can only be concluded tbal If current precuraor blaal theory la correct, aome 
unknown phenomenon I« caualng unreaaonable velocity magnltudea to be deduced from 
otherwlae reaaonable-appearlng data    If. however, the data are correct, aome modl- 
flcatlona In the preaent theory concerning the preabock medium atatua will need to be 
madi 

If tbe precuraor phenomenon la to be Inveatlgated further. It la recommended that 
additional effort be expended to obtain the contour of the blaat-wave front near tbe 
ground aurface. e.g.. below 10 feel    Few reliable data aie preaently available In ihl« 
region    It la to be hoped that tbeae data would do much to explain the dlfferencea In high 
air lemperaturea and aonlc veloclUea deduced from current blaat-wave theory and the 
lower valuea recorded by Inatrumenta which nu-aaured theae phenomena directly. 

42 

SECRET 



Appendu   A 

INSTRUMENTATION 
A I     lACKUKu» St. 

The Naval Clmrtrunic» Uaboralury' i mMWuremeoi uf •uuatl-vrluciiy chaacvt «gala r«ll«d oa a ajralam 
in «hieb aouad iraaali iimr bcrltrern Iwo fU»d iranaduccra la aa air ntvdtum »aa ubacrwd iRafvraaot ll 

A l.tOO-«|M oarilar. anpiltuda nmiMlaiad apprmumalaiy M paroaal wiih a lOO-apa aiouaaid. WM 

iraaacniitcd aeruaa Ihe iraaaducar air p?.   MMaurvtnaata provad thai aigwü oroaalaUi bilanaa balano«! 
atffMJ palra »aa acgitftbte la a mulll-cuaduetur cabia of ooaatdarmbla laaglh    H«aca. 11 »aa dactdad to 
aaod lha aignal lafurmauuo from lha loairumeni van lu tha ftald. through tha air gap. and bach to tha 10- 
atrumaa* vaa whar« H «aa racordad diraciiy oe magMdki tap« aloag with ita Umiaff-^Mka rvfrrvoc« 

Baaleally. lha raoorda ao ubuioad «era aaalyiad by iraoacrtblog Iham onto aomr r«adahle madtum 
auch aa papar lapa or photographic fllir    Tha paafc of lha modalaUoa «ovalopa pva a rafaraaoa poial 
from which to maaaura to the rafaraoe« aplka    Tha lattar ««a addad to lha atfnal lalormaUua upoe ita 
raturn to tha laainimeol van    Aa lha aignal delay through tha oumplata alactnauc ayatam fron gaaaratioa 
to recording waa coaaiaai. changea la air-path traaail lima «are avtdaooad by change» in lima differaocaa 
batwaao tha rafarvoce ^plha and madulatiuo paah    Such lima diffaraaoaa war« oonvartibla to aouad veloc- 
ity, given pradatoaation air tamptrntur». 

Uual aound-velocity raoorda obuiaad la Nevada ahoaad appreciable aignal atlaauauoo and aoma dia- 
tortioo. hence, the Teapot ajraiem of inatrumentation «aa an improvaotaol over pravioua NEL varaiooa 
which railed un additional aplka gcoaratiun from tha domodulalad air-path aignal.   Obvioua troubioa would 
arlae If lha mudulation envelope «era not «all praaarvad 

A.I   BASIC INSTRUMENTATION 

A 2 1    Maatar Oaaarator.   Tha maaiar ganerator. tha haart of lha »ouod-velocity ayatam. cooaiatad 
of three untta (aaa figure A-1).   It ulilltad a vary atable oacillator of provaa daaign to ganarala a carrier 
frequency of 3200 cpa.   Thia oacillator in turn drove a aynehronltad fraquaooy atap-dowa oacillator which 
generated lha loo-cpe modulation frequency.   Tha 100-cpa aignal ao darlvad waa fad to a balanced modula- 
tor which in turn provided tha 100-cpa modulated carrier drive for the bridging ■mpllflera that fumiahad 
the aignal for the field unite.   The 100-cpt oacillator alao provided drive for the reference aptke generator. 
The ^>lke ganerator ran In eynchroulam with the 3.200- and 100-cpi generators and provided an output 
variable in phaae over MO dagraaa of the 100-oycle modulation envelope, and aufflclently ahaip to provide 
roaotutlon. Ifneceaaaiy. within • fraction of a cycle of lb« carrier. 

Tha above three deacribed unlta ware monitored by a aafety unit which would »»itch in immediately aa 
Identical maatar generator ahould aqy of the output algnals fall below a minimum operating level. 

The bridging ampllDera provided a balanced aignal output to the field unlta via the field cablea   A 
conaldarable amount of work waa dona in altempting to eliminate the zero time electromagnetic tranaient 
induced in tha equipment via field cabling.   The uaa of twisted and electrically balanced aignal palra and 
careful aalection of electrically balanced tranaformera that worked into and out of the field line enabled a 
reduction of the induced Iranalenl to a negligible amount   Alao the time duration of thie tranaient waa leaa 
than 10 maeo In all channela of the lyatem. thua no aignal information waa obaourad (aee Figure A 2). 
However, a very good xero marker waa ao obtained.   The number of bridging amplifiora uaed (one for 
every three field channole) waa greater than power requlrementa would demand for driving the field ampli- 
fiers, ao that a failure would not effect the loss of too many channels of information. 

A.2.2    Transducer Power Amplifiers.   One driver unit provided voltage step-up and bandpaan filter- 
ing and drove three power amplifiers from the low iinpedance line.   The power amplifiers in turn drove 
the transducers sufficiently hard to give a good signal-to-noiae ratio, thereby overriding acoustical noise 
signals arising from any apparatus in the vicinity. 

The dlrtclion of acoustic signal transmission was selected to give minimum crosstalk between trans- 
ducera for the three elevations at the same surface location.   Both theory and equipment teats showed 
crosstalk effects were quite negligible. 

A.2.3   Mike-to-Line Amplifier.   The receiving transducer drove a mike-to-llne amplifier.   Thia lat- 
ter unit made up for air-path signal attenuation in order to send the signal back to the instrument van with 
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topi« upAl-lo-MMM rMlo.   "Dm OüIHKIO-IUW unpitftar and «U «ubMijiwid ««impmaoi «er« •ulHti«mU> 
lo tUott for Irequmc-y dMafB uf ifa« «tr-paüi Mgwü dunng «njr puMUhl« rapid •ir-lcmp«>r«lurc 

la UM Li— to- fap« Uail. UM UM Itak la liw ehai« of uuHrumaaiauua. iha nlmnaem tpik* «aa addwl 
lo üM uieomtaf ai0«l. iho rvaoltaol eompoaii« aifMÜ »aa appliod lo llw na^MUc u^ 

A3   OBCUMOM 

Oirod calibrstiuB at üM ayotom ta dimculi to aoluova   Hoawrvr, a food rfpnmeh lo UM OMAauro- 
mvot of air umfMratttr« «M MUoiMd w UM laboratory'a pftlai-dryiaf »»•• wlUoil «M MfDciaotJy larfr tu 
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Figure A.I   Elactronica (or one typical dold autlon. three channels 

houao the tranaducer palra.   Fair correlation between air temperature and algnal pbaae ahlft waa obutned 
though certain dlfflcultlea were experienced.   The oven waa limited to a temperature of approximately 300 
degreoa Fahrenheit from which a phaae ahlft of about four carrier cyclea could be expected.   The degree 
of reaolutlon waa troubled aomewhat by algnal reflectlona off the oven walla and by convection currenta 
within the fairly large encloaure.   Thua It waa difficult to read the data with a note of finality to within a 
fraction of a carrier cycle when «he above effect« produced varlatlona of phaae ahlft which could be ob- 
aerved at any given temperature.   However, In general, phaae ahlft correlated with the correaponding 
temperature throughout the temperature ranges inveatigatcd. 

Suaplclon of coaling between the traoaducera through the ai^iporting cross-arm waa ruled out by 
other tests at NEL. 

As certain proof that the algnal waa being acted upon only in the transducer air path, in one channel 
a dummy air gap was substituted for the actual air path in one of the preliminary Nevada shots.   The re- 
mainder of the electronics In the dummy channel was Identical to that of the air-path channels; the dummy 
attenuating pad was equivalent to the air-path loss.   Results showed no change in data before, during, or 
after shot time for the dummy channel, whereas the air-path channels exhibited signal phase shifts indica- 
tive of air-temperature and sound-velocity increases. 
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A later rmtumtama ta 4Ma Matyat« rrawvad UM «MMMiQr of tucauag UM» wwiduJaUaa peak «HUcli waa 
mtmmumc» OtOlctill la di la via« of UM upmi SIUMUMUUMI «ad diaiuniua« uft«a praaaal    halaad. a rel«r- 
aaea potal »aa ehnaw la dM pra-tkanaai racurd (rum »fctdi 11 »aa poaaibl« lu otmai Uiruugl» ihn coMiouou« 
rword {ojrato fey ^rala» ihrtMCh ikaraal ocadiUuM. uaiag Uw ■wba^nw« raterwc« poiau fooad avary SI 

Flcura A.I Raear^d aeoaatle alfaal thowtag aflada of aJaetromacaattc 
iranalani at daloaaUoa    Nola dalajrad Uaaaleol dua to dlatorlad load^aakar 
algaai raoalvad by adoropkoaa aAar lima dalay la air palfc. 

jjrclaa to maka maaaurvntMiia to tha rvfaraaoa ^>lka   Mowavar. both watboda pva aabataaually 
parabta rvaulla 

H ia beltevM) ihn «yatom ia capabla u( meaaurlng aouad-valtMi^ ehaagaa in air (or whalavar Uw ma- 
dium m*) tw»   H (nTKtJi^ooJ in 4JI channel» (HJI    or up |o »h *k «rnv«; 

Tka raoorda oaa ba aaaljriad la a atraigbUorward maoaar (aacapt ovar tba two aurtecaa of Ivy aad Or 
wbara turtalaaoa mada aoma daia uaraadabla).   It la baltavad tha ayatam maaanrad. with aa accuracy of 
at laaai 8 parcoat. aound-valoclty ebaafaa aaar iba froaad la ihm vicinity of a miclaar dotoaailoo 
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Appendu B 

PHASE  AND  AMPLITUDE   CHANGES   DUE  TO 

INTERFERENCE OF SOUND  WAVES 

When two •lauMtidal mvM *rv addad. Urn rvMluac wav* It aaolter pertodlo (uneUaa    U U» ori<in*l 
two waw« luv« the mum tnqtmtcy bat dlllvr la piMUa by aa aagte «, üw «um of dw two will ba aaolfear 
»tmiaoid wttb Üw aam« trvqmmy but with a diftarval pbaaa aagla* ■  Coaaldar Iba two tuaetioaa: 

»      \ »in-I 

y - II ataM • *> 

rbaai 
a • y • Aatawl • BaiaM • #) 

• Aalawl • Balawlooa^ • Booawlala« 

< (A • Bcoa«) ataitrt « Bala^ooaurt 

Ho», let the Mm o( tbo atnuaolda ba of Ibe form: 

«  • y      C »»ni. I   • • . 

- C «in ^t coa9 • C ooa^l sin* 

Then: 
C coa« ala«irf • C alni ro»*i • (A * B coao) aln^l • B aln$ ooa^l 

By aet>araUnK terma in «in «l tad coawl: 

C coat »A * Booa« 

C aintf • B «In« 

Therefor«: 

Un« 
B tun« 
A • B coa «> 

9 • Ian*    B*ln^ 
A » B coa« 

C   -{(A ♦ Bco««»1 ♦ B1 8ln,«W, 

To find the maximum 0, let: 

,,"       n 

Thi-n: 

Therefore: 

de m AB coa« » B* 
d« " /? ♦ 2ABcoa« ♦ B* 

0 - AB co««  ♦ B1 

And, for 0 to be a maximum: 
_ u 

„o,- A —r and sin 0a_ (A 
co»*« max        A ^max = 

I _ B»)«/» 
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lora: 

Hirn: 

•«M- UM . B(A 1,'  " 

A(A - 

'»U  " 'max 

•«W  * oot' •B -*> 
Ä 

• 

In B - I Mid A ' IS.  Tt »rtfon 

B m   I 
A * !■ 

1   'BMX • -0.06» 

♦•max • 93 •M' 

Tberetorr: - TW 

The luulmum value which C oaa haw occur« l( # - O". Ihr«: 

C • A ♦ B 

lU minimum value oocura if « - If»«*, (hen: 

C • A - B 

In «ummary. the maximum phaac ahlft which can occur when two xlouaotda o( the aame (rcqueocy 
*rt> added (aa in interference o( aound wave«) la: 

l» 

Where: 

•max - «^ ' 7 " »^ 

A aad B   ■ their amplituda* 

Fur B - 1 and A • 16. «max * 3'  36*.   That I«, the Binuautd r^aultlnf from the addlllon of 
two alne wavea cannot differ In phase from Its larger amplttudr component by mure than 9mu — 
In Ihl« caae 3'   35 '     The amplitude of the reaulllng alnuaold cannot differ from the amplitude of 
Its largest component by more than B porta out of A — in this caae one part out of sixteen 
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Apptndi» C 

OPERATIONS 

MMidvrabl« iMrdAip ud dvi^r Airtag dw Mtir« TMpol optratia»   turraialjr km 
lufli »tadi. m* (utä rmia dinifwl tim wyupm—I. OMMd ■iofcMM of UM pmnuMl «ad 

grae rally burl monim. 
Umkr Mdi etrouoiattMM. «qr iqlpia—i «ludi tocUiUto» ftald cfwraUoM it «iMtyt »■IOCM—   TO 

IKWM rrafü* «toctroatc ttnilymiwi <>• UM hlMl UM at niaftt M doM M 1.000 IM«. UM 0|«raUaM Di»i- 
Maa si NKL d»«»lap»d ■ •IMI iMintmcM tkmllmr (Mt Ftgur*« C 1 Ikrougk CS^   Navy duck pooiuuoa «art 
mod»Mad (or Uua purpua«    A »atortigM hald» *«a »aldad to tba tap of UM poaloae. Md BMMIRUIIC braeluria 
lor holdun aladraaio eteao« ••ra «aidtd l. Uta laatda rtba    Walartlgfel paduag gUada for adminiac 

Figura C 1  Modal of NEL inatnimaol ahaltar with dlmaoaloos of full-alza 
•halter depicted 

cablet ware welded to the ildei of the •belter, and ladder nutft ware tack-welded laalde 
When pereomtei worked Inside the •hellere, t transparent door made of luclte replaced the ateal batch 

cover which waa awung back out of the way.   The unite were painted with aluminum paint tnaide and out; 
the vtalblllty inelde during the day and without artificial illuminatloa waa quite •uitable even when • duet 
storm was raging outside. 

The shelters did not leak whan other types of shelters were flooded during s rain storm, and a mini- 
mum of dust seeped into the equipment. 

The unit« were light enough in weight to enable tmnsportatioo by truck from the home Isboratory in 
San Diego.   Consequently, electronic equipment wss fitted into the shelters in advance, eliminating the 
need for costly changes in the field- 

Many used pontoons are now available at Navy bsaes and csa be outfitted for little more than the coat 
of cleaning, welding, and painting.   This alteration work was done at NEL for approximately $300 per unit. 

Complete specifications and drawings for these shelters can be obtained by writing: 

Commanding Officer and Director 
U. S. Navy Electronics Laboratory 
San Diego 52, California 
Attn: Mr. J. N Shellabarger 
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rigurtC2 Motel afNELiMtrumml •belter 

Figure C 3  DeUils of NEL instrument shelter model 
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Appendu   0 

CALCULATIONS OF ATTENUATION 

OF SOUND IN   AIR 

Tbvrv ar* l«o prufwrilr* o( U» bwdluoi «kick emu» iiivmuiMci« of ■ «ouwl »aw la atr    The Ural ol 
thrav aUrnuaitmia la cauavd by Hacoally and kval caodurlkia la lim g*». Ik» olkrr la knwgkl abuul by 
motveiuar abaoiptlo« aad tMaparalo« I« Hyatorolr gaa«a bivolvtng aa vackaagv la inwalalMuü MM! 

«ibrallonal mrrgtoa bei»««« eollldlag mo|*c«lr« 
ktviaa iHrfrrrac« 9. Pag* 67) gt«*a aa vaprvaafcte br Ika drcrvmMil Our u> baal cuadurlloa aad 

MaoMltt 

6C - 0 143^,   db/R   - OOUS-j^   iM»|»ra/fl 

Wkerc    k -  mutvlenglh la Irrl 
A - (in crnllmvtvra) (uacllon of Ike ivmpvralur« aad la found from a grapk 

iHrfrrvacv ft. Page Ml 

Cooaldvr Iwo tomparalur«». WCaadTOC    Al Ikea« irmperalurr» 

1 IIS ft/aw 
-T*- 3200  .r. 

1217 fl/a«c 

0 353 ft 

tf,     nil n §*c     Ä ,.A » 

Wkerv.   cM ' wloclly of aound la «Jr al 20'C. 
cn ' velocity of aound In air al 70'C. 

f      frequency of Ike acouallr algnal 

Alao, from Slvtan: 

Therefore: 

A„ - 49 •   I"  'cm 

A„      61 5 •   10   ^m 

. 0.0165 •  49 •   10   »      „ ti       .     , o«     ■> 654  •   Jo  ' nriMTH ll 
» (0.362)1 

0.0165 - 61.5 >   10   ' 

N (0 380)1 
7.01  •  10 » nepera/fl 

To drtfrmtnt- a vaiue for the attenuation caused by absorption and dispersion due to molecular colli- 
sion, one uses Knescr's nomogram (Reference 9. Page 65) which gives the decrement as a function of 
temperature, humidity, and frequency.   Again Inking the two temperatures. 20*C and 70,C, and a rela- 
tive humidity of 30 percent at 20'C. the nomogram gives: 

öm 0.911  •   10  J nepcrs/ft in 

6m     = 1.973 >  10 J nepers/ft 

The total decrement ö then is: 
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6U * (OOtft >  10 *  « 0.111   *  lo  'int^rr. It 

* O.tti « 10 * tmvrf « 

*M • (0 070 * 10"*   • 1 tTJ  • 10 >iMp«r«/ft 
If 

* 1043 •  10 * Mpvn  n 

for Uw 4 i-tool gip bwKmwB hum» Ih» allMuuiUaa «ftNtld b»: 

A        4 «A     * 4 • • 0 070 • 10 * Mfwrt 
*• » 

- 4 &0  • 10 * avpvr« 

A     - 4 60     - 4 0 •  2 043 •  10 * Mpvni 
i« n 

• »40 •  10  » r» 

Thrrvlore. UM» «ilvfiualioo cauMd by abaorptloe «ad dtspvraio« du» to notoouUr colluioiw ud by 
bMl cooductlon sod vitcoslly locrvuc« by 4.00« 10 • •Wfwr» »hvn lb* Urtnpvrtlur« of lb* mtdiuo) w- 
crtMM Irom I0'C to 70*C 

Tb« lacrvtM in •lleoualloa !• 0 5 pvrcvai. «too*: 

'i ./A        A   \ (»40 •   10  * - 4 SO «  lO'1) 

-4M •   10 
«• 

- 0.»»5 
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Appendu E 

ATTENUATION OF ACOUSTIC SIGNALS 
MEASURED  IN   SHOT  12 

Klgur«- K I   IdlallM- »ound prvMurv ampiiludi' VIT»U» limr.  1000-fool drarrt 

FlRurc K.2  Relative Hound prt-ssure umpllludi' versus lime«. 1000-foot asphalt. 
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Flgurr K 3  Hrlnllvr »aund pn-mmrr ampllludr v<r»u» lime-   1000-fooi walvr 
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0       30     60     90      120     150    180    210    240   270    300    S 50   MO    390   420   450    4«0 

Time, msec 

FIKUIT E.4  Relative sound presflure aniplitu(k- VITHUS Ume, 2000-fo<)l desert. 
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Figurv E.5 R«UUv« Mund prvMur« Anplltud» vvmiui llmv. 2000-loot uphtJl. 

Figure E.6  Relative sound oressure amplitude versus time, 2000-foot concrete. 
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Figure K.7  Rdallw MUdd prvaaur« ampltladr vrr»u» lim«. 3000-fool fir bough 
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Figure E.8  Relative sound presuure amplitude versus time, 2000-foot Ivy. 
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Apptndu F 

RECORDINGS   OF   RAW  DATA  MADE   BY 

PROJECT   15  SOUND  VELOCITY  METERS 

Tins auntwrt apfMr o« BMM dUs ounw«.   1» dMsrmlw Urn* aftar (totooMlao. multiply aumtwr «p- 
pMrtOf ■! UMttBt of latorv« by 10 mme    For grMMr Mouney UM nUuoa thai disianc« t*i*«»«i ^IOUI« 

f«Mp on «alhodv rty lube ■! lh»M urn»«    Howvwr. Uwy o»««r ■ppvai' (ar from UM eavctafM eaaiata 
and eta faotraUy ha aaaa it mm look« carofuUy lor them 
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Shock kttnot-f 

Figure F.I  Channel 10, drsan. 1000-foot ground rang«. I'/ffool elevauon. 
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Figure F.2  Channel 11; desert. 1000-foot ground range. 3-foot elevation. 
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Figure F.4  Channel 19; deiert, 2000-foot (round range, l'^-foot elevation. 
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Figur« F.5 Channel 20; (totert, 2000-foot ground range. 3-foot elevation. 
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Figure F.6   Channel 21; desert. 2000-foot ground range, 6-foot elevation. 
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Figur« F.11  Channel fl. uphalt, 2000-fbot ground range, 3-foot elevation. 
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Figure F.14 Channel 9; wator, 1000-foot ground range, 6-foot elevation 
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Figure F.1S Channel 22; concrete, 2000-foot ground range, 1%-foot elevation. 
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Figure F 16  Channel 23; concrete. 2000-foot ground ru««, S-foot elevation. 
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Figure F.17  Channel 24; concrete. 2000-foot ground range. 6-foot devatlon. 
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Figur« F. 18  Channel Itt; white fir bougba, 2000-foot ground rug«, 1%-foot elevntton. 
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Flfur« P.19 Channel 17; whit« fir bough«, 2000-foot ground rang«, 3-fbol elevation. 
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Figure F.20 Channel 18; white fir bough«, 2000-foot ground range, 6-foot elevation. 
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